The clinical problem of obstructive nephropathy may be considered in three parts. First, is there obstruction to the outflow of the kidney? This implies a definition of what is meant by the word 'obstruction'. Secondly, will the kidney's function improve once the obstruction is relieved? This implies a definition of what is meant by the word 'function'. Thirdly, is the anatomy and pathology of the problem such that it is within the compass of present surgical skill?
Obstruction may be defined as any extrarenal process that impairs the rate of removal from the kidney of nonreabsorbable solutes after their filtration or passage through kidney cells. This functional definition is not equivalent to what is meant when the word 'obstruction' is used to indicate a process that can be reversed by surgery. The concept of kidney function may be defined by considering the handling of microgram amounts of Hippuran by the kidney during a period of time. From the functional definition of obstruction, any extrarenal process which causes impairment of the removal rate of Hippuran from the kidney is an obstructive one. The third part of the problem is answered satisfactorily by the delineation of the physical aspects of the obstruction by radiological tests applied to the kidney. However, these techniques do not adequately give expression to the wide range of variation in renal function (Hoffman & Grayac 1960 , Santiago 1969 .
The assessment of relative renal function and the prediction of recovery may be made by using a test based on the handling of Hippuran by the kidney. The variation with time of the quantity of Hippuran in each kidney, the kidney curve, can be obtained by digital or analogue computerassisted blood background subtraction (CABBS) renography (Britton & Brown 1968a ).
As no Hippuran leaves the kidney until just before the peak of the curve, the quantity in each kidney before peak time is dependent upon the plasma concentration of Hippuran and the effective renal plasma flow of each kidney. Since the plasma concentration of Hippuran is the same for each kidney, the ratio of the uptake rates by each kidney is in the ratio of the effective renal plasma flows, provided the measurement is made between 100 seconds after the injection and just before peak time. Alternatively the uptake of Hippuran by one kidney can be expressed as a percentage of total kidney function, and plotted out. This is an accurate measure of relative renal function. These measurements are subject to geometrical errors primarily due to variations in depth between the two kidneys. These make the sensitivity of the test of the order of ±7%, i.e. up to 7% of normal individual renal function cannot be distinguished from zero.
The brilliant work on dogs by Wax and his colleagues (Katul & Wax 1968 , Wax 1969 provides the evidence that the uptake rate of Hippuran, as measured from the second phase of the corrected renogram, can be used directly to predict the recovery of function after relief of outflow tract obstruction. CABBS renography allows the clinical parallel to this work to be considered in patients with chronic obstructive nephropathy. From the clinical examples presented at this meeting and from previous experience , we feel that if uptake of Hippuran is demonstrated by CABBS renography in the context of obstructive nephropathy, in terms of potential recovery of renal function it is generally worth attempting relief of the obstruction if it is technically feasible. If, however, a 'nephrectomy' trace is found, it is probable that renal function will not be recovered, even after relief of the obstruction. A generalization may be made from our work and that of Luke et al. (1969) and Crosbie Ross et al. (1963) , using uncorrected renograms, that the greater the rate of rise of the second phase of the corrected renogram, the sooner and greater will be the degree of recovery of renal function. An assessment of the relative degree of renal function in the two kidneys aids the decision as to whether conservative operation or nephrectomy should be undertaken, for example in the patient with hydronephrosis or staghorn calculi.
It is reasonable to ask whether the degree of impairment of the removal rate of Hippuran can be used to give an index of the degree of obstruction. Three problems have complicated interpretation of the renogram in obstructive nephropathy. First, the use of the term 'excretory phase' for the third phase of the renogram, that is the part of the curve after the peak, has led to misconceptions. The third phase of the corrected renogram is a record of the variation with time of the quantity of Hippuran left behind in the kidney and renal pelvis after peak time. It is not a measure of what has left the kidney, nor does it measure the rate of urine flow. To interpret the renogram in terms of whether there is or is not an obstruction that is operable requires considerable caution based on an understanding of how impairment or absence of the third phase can arise.
The quantity of Hippuran left behind in the kidney at any moment depends on the amount that has been taken up and the amount that has been removed from the renal pelvis. In the normal kidney there is a relatively similar time of transit between uptake from the plasma and removal from the renal pelvis for all Hippuran. Thus the removal rate at any moment is equal to the uptake rate, one transit time previously. The variation of uptake rate with time depends on the variation of plasma concentration with time. It follows that in the normal, the shape of the third phase depends mainly on the shape of the plasma concentration-time curve. Impairment of the rate of removal of Hippuran will be reflected by the third phase of the kidney curve falling more slowly than would be expected for a given rate of uptake of Hippuran. If the uptake rate exceeds the removal rate then the kidney curve will continue to rise, but the time of transit of Hippuran through the kidney, which has a non-linear relationship with urine flow rate, and the degree of heterogeneity of the spectrum of these transit times will also affect the shape of the third phase.
It is suggested that the phrase 'compatible with an impaired removal rate of Hippuran' be adopted to report abnormalities or absence of the third phase of the renogram.
The second problem is that at very low urine flow rates the peak may be very late and the recording may be insufficiently long to show it. Thus a kidney curve that rises throughout the test does not necessarily means a zero removal rate of Hippuran. Such a continuously slow rising curve may be seen in severe renal ischemia, particularly in a dehydrated patient. In incipient acute oliguric renal failure, usually two perfectly symmetrical slowly rising kidney curves are obtained. These curves become flatter as renal function deteriorates further.
Excluding the clinically soluble problem of bladder neck obstruction, acute oliguria due to bilateral obstructive uropathy is usually associated with unequal impairment of renal function, reflected by the asymmetrical kidney curves obtained in this condition. Joekes & Rellan (1965) have demonstrated the use of renography in evaluating this problem. The prediction of the presence or otherwise of outflow tract disorder, based on the demonstration of an impaired removal rate of Hippuran and taken in its clinical context in patients with chronic ureemia, is becoming more reliable. Prediction was accurate in 17 out of 20 patients with a mean creatinine clearance of 5 ml per minute in an initial series ). There were two technical failures and one diagnostic error.
The third problem is due to the presence of the renal pelvis within the field of view of the kidney detector. Any mixing and dilution of Hippuran in the reservoir of an abnormal renal pelvis will impair the rate of removal of Hippuran from the field of view of the detector. This delaying effect, due to physical size as well as disordered activity of the renal pelvis, complicates attempts, such as that of Davies et al. (1969) , to use the third phase of the renogram to assess the adequacy of mechanical 'drainage' of, for example, a hydronephrosis corrected by an Anderson-Hynes operation. The success of this operation may be judged initially by the improvement in the rate ofrise of the second phase of the corrected renogram. Using a model of the kidney ) in which the degree of 'mixing' in the renal pelvis could be simulated using a GEIS computer terminal, alterations only in the degree of mixing gave a range of typically 'hydronephrotic' traces.
In an attempt to overcome the problems of interpreting the third phase of the kidney curve, the Hippuran output curve was investigated. According to the theory of renography this can be obtained by subtracting the observed kidney curve from a predicted totally obstructed curve. The latter can be obtained from the integral of the plasma concentration time curve by means of a least squares fitting technique to the second phase of the kidney curve. The Hippuran output curve has the dimensions of quantity of Hippuran leaving the renal pelvis against time. Analysis of the different shapes of the Hippuran output curves in different forms of obstructive nephropathy should lead to an assessment of the efficacy of renal drainage in these conditions. An index of obstruction similar to the FEV1 (forced expiratory volume in one second) used to characterize obstructive airways disease might be obtained.
In conclusion it is suggested that the technique of CABBS renography provides a reasonable basis for a practical approach to some of the problems posed by obstructive nephropathy.
